Four antioxidant treatments (none, 0.05% ascorbic acid, 0.01% α-tocopherol+0.01% sesamol, and 0.05% ascorbic acid+0.01% α-tocopherol+0.01% sesamol) were applied to ground beef using either mixing or spraying method. The meat samples were placed on Styrofoam trays, irradiated at 0 or 2.5 kGy, and then stored for 7 d at 4° C. Color, lipid oxidation, and volatiles were determined at 0, 3, and 7 d of storage. Irradiation increased lipid oxidation of ground beef with control and ascorbic acid treatments after 3 days of storage. α-Tocopherol+sesamol and ascorbic acid+α-tocopherol+sesamol treatments were effective in slowing down lipid oxidation in ground beef during storage regardless of application methods, but mixing was better than spraying method. Ascorbic acid was the most effective in maintaining redness of ground beef followed by ascorbic acid+α-tocopherol+sesamol. Beef sprayed with antioxidants produced more hydrocarbons and alcohols than mixing application, but ascorbic acid+α-tocopherol+sesamol treatment was effective in reducing the amount of volatiles produced by irradiation. Therefore, mixing was better than spraying method in preventing lipid oxidation and maintaining color of irradiated ground beef.
Introduction
Ground beef products represent about 44% of total fresh beef available for consumption in the U.S. Meat color is one of the most important parameters that determine and affect consumer purchasing decisions. In retail cases, displaying meat under high-intensity lights accelerates the formation of metmyoglobin, which produces unattractive brown color. Because of meat discoloration retailers lose more than a billion dollars every year. Irradiation negatively impacts ground beef color by developing undesirable greenish or brownish gray color.
Unlike popular belief, ground beef oxidizes faster than ground pork or poultry. Under aerobic conditions, irradiation accelerates lipid oxidation in fresh raw pork and beef patties despite their intrinsic antioxidant activities. Oxidative rancidity in food products are commonly measured by the 2-thiobarbituric acid (TBA) test, and sensory analysis of rancid odor shows strong correlations with TBA values in fresh and cooked ground beef. Food antioxidants are used in fresh and further processed meat to prevent oxidative rancidity and improve color stability. Some phenolic antioxidants such as vitamin E have freeradical-scavenging properties and stop free-radical reactions in meat during storage. Therefore, the combinations of phenolic antioxidants such as gallate, sesamol, and tocopherol were effective in reducing the oxidative reactions in irradiated pork by scavenging free radicals produced by irradiation. Ascorbic acid is a reducing agent, which prevents color changes in irradiated and nonirradiated ground beef during storage.
In addition to color changes and accelerated lipid oxidation, irradiation produces off-odor volatiles in meat. Sulfur compounds are the major volatile compounds responsible for irradiation off-odor, and are produced mainly by radiolysis of sulfur-containing amino acids and are different from those of lipid oxidation. Under aerobic conditions, the sulfur compounds were highly volatile and evaporated easily. However, under vacuum conditions, these compounds remained in meat. Although aerobic packaging was very effective in eliminating the sulfur volatiles produced by irradiation, the amounts of volatile aldehydes in irradiated ground beef significantly increased during storage unless antioxidant additives were added. Therefore, when irradiated beef is aerobically stored, the generation of lipid oxidation products is more concern than the S-volatiles. The objective of this study was to determine the effect of antioxidant application methods on the color, lipid oxidation and off-odor volatiles of ground beef.
Materials and Methods
Beef chuck were trimmed off any visible fat, ground separately through a 6-mm plate and a 3-mm plate, and used. The antioxidant treatments were: (1) control, (2) 0.05% Lascorbic acid, (3) 0.01% dl-α-tocopherol +0.01% sesamol, (4) 0.05% L-ascorbic acid+0.01% dl-α-tocopherol+0.01% sesamol. For the mixing application, each additive was added to the ground meat, mixed for 2 min, and then patties were prepared. For spraying method, ground beef patties were placed on large metal trays, and sprayed with antioxidant treatments on both sides using an electrostatic spraying device. After spraying, beef patties were wrapped as in mixing application. Prepared patties were stored overnight at 4° C, and irradiated the next day morning. For both application methods, three sets of samples were prepared and each set was used for color and chemical analyses at each storage time. For both mixing and spray applications, half of the patties from each antioxidant treatment was used for nonirradiated and the other half for irradiated meat. For irradiation treatment, patties were irradiated at 2.5 kGy using a linear accelerator facility with 10 MeV of energy and 5.6 KW of power level. After irradiation, the irradiated and non irradiated meat samples were immediately returned to a 4° C cold room where they were displayed in a single layer on illuminated racks under standard fluorescent light for 7 days. Color, lipid oxidation, volatile analysis, ORP and CO production were determined at 0, 3, and 7 days of storage.
Lipid oxidation was determined using a TBARS method. The amounts of TBARS were expressed as mg of malondialdehyde (MDA) per kg of meat. The color of meat was measured on the surface of meat samples using a Labscan spectrophotometer that had been calibrated against white and black reference tiles covered with the same film as those used for meat samples. A purge-and-trap apparatus connected to a gas chromatograph/mass spectrometer was used to analyze volatiles produced. The experiment was an incomplete randomized design with four replications. Data were analyzed by the procedures of generalized linear model of SAS.
Results and Discussion
Antioxidant combinations E+S and A+E+S were highly effective in preventing oxidative changes in irradiated and non-irradiated ground beef. However, ascorbate alone was effective only in non-irradiated ground beef. Adding antioxidants in beef patties by spraying produced more volatiles, hydrocarbons and alcohols than those with mixing. This indicated that patties with tested antioxidants applied on the surfaces would be more susceptible to oxidative changes than those spread antioxidants throughout by mixing. Therefore, mixing method is recommended for applying ascorbic acid and antioxidants to avoid any quality changes in irradiated ground beef. Table 1 . TBARS values of beef mixed or sprayed with different additives during storage at 4° C. Values with different letters within a row of each application are significantly different (P<0.05). Abbreviation: Non-IR; non-irradiated samples (0 kGy), IR; irradiated samples (2.5 kGy), Cont.; control, A; ascorbic acid, E; vitamin E, and S; sesamol, SEM; standard error of the means (n=4). ------------------------------------------------ Table 3 . Volatile compounds of irradiated and nonirradiated ground beef with antioxidants added by spraying during storage at 4° C.
